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Abstract 

The concentrations of selected air qualify parameters in aircraft cabins were investigated including particle 
numbers in cabin air compared to fresh air and recirculation air. the micro biological contamination and the 
concentration of volatile organic compounds (VOC). The Airbus types A310 of Swissair and A340 of Lufthansa 
were used for measurements. The particles were found to be mainly emitted by the passengers, especially by 
smokers Depending on recirculation filter efficiency the recirculation air contained a lower or equal amount of 
particles compared to the fresh air. whereas the amount of bacteria exceeded reported concentrations within 
other indoor spaces. The detected speoes were mainly non-pathogenic, with droplet infection over short 
distances identified as the only health nsk. The concentration of volatile organic compounds (VOC) were well 
below thresnoid values Ethanol was identified as the compound with the highest amount in cabin air Further 
organics were emitted by the psM^engers - as metabolic products Or by smoking - and on ground as engine 
exhaust (bad airport air quality) cleaning agents may be the source cf further compounds. J 
Q 1997 Elsevier Science Ltd 


Introduction 

Air quality on airliners has become an important issue dunng the past years. Especially American newspapers 
but also the European press have frequently reported on potential defeneration of air quality due to the 
introduction of recirculation systems onboard modem comm eras! aircraft types. So far performed 
measurements of air quality, however, have not provided sufficient knowledge about the following contaminants: 

* pamcie numbers in fresh and recirculation air and in the aircraft-caon 

* types and amounts of microblologioai contaminations 

* types and amounts of volatile organic compounds (VOC) 

The reported measurements therefore focussed on these three types of contaminants 


Selected Aircraft Types 

The aircraft types Airbus A310 of Swissair and the Airbus A340 of Lufthansa were selected for the 
measurements for the following reasons: 
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• installation of different air distribution systems: While Lie A31C has gci :£cai mixing of fresn and recirculation 
air with an extraction of used a>r frorr the ceiling area .ne a2~C s equipped win a central mixing unit, 
sucking recirculation air from trie underfloor area in front and after the wings. 

• The recirculation filters represent different generations of filter systems The A3 IQ filter has a performance 
corresponding to filter Class EU9 (dean room filter, efficiency at 0.5 ym 90%) while the *340 is equipped 
with an EU13 filter (highly efficient particulate air filter (HEPA). efficiency at 0.3 pm of more than 99.97%), 

• Both aircrafts are used for medium-distance and long-distance flights Accordingly flight-time dependent 
concentrations of contaminants can be determined. 

Both airlines have a high standard of maintenance (e.g. filler removal on ome) and apprOpnate cabin cleaning. 

allowing the assessment of the measured air quality parameters. 

Part l: Particle Counting 


In the A31C :r.e -? 
rearculaticn) The '•_* 
air js a mixr_'e -zi :~t 


Description of the particle counters ^custom made model sv DEHA) 

Fixed installed eaurpmen: was necessary :o perform the measurements it consisted cf eight particle sensors, a 
pressure transducer for flight phase maicaticn ana a central unit fcr power supply and data storage. The 
measuring principle of the particle sensors is based on a laser opoc counting the particle numbers in the air 
conducted through the sensor Particles with more than Q £ pm in diameier could be detected. This system had 
been installed in the aircraft tor about one year providing resuits dunng normal inservice flights. 

Inside the cabin six particle sensors were installed Two of them were located in the first dass (A3lQ)/bu5in9SS 
Class (A34Q), two in the economy class non-smoker and Two in the economy class smoker The air intakes of 
the sensors were located between two muddle-ha tracks (ceiling sensors) and close to the floor level behind the 
dadopaneis (floor sensors) Another sensor was installed n the fresn avr duct downstream the air conditioning 
pack and a .funny one in tlhe recirculation air duct of the cabin air distribution system downstream the 
recjrtuiadcn fiUer*figure 1 2) 
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Fig. 1: location of sensors and central urot m A3iQ and A240 
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in the A31G the recirculation air sensor mainty measured :re air cf me ecsncrr.y class smoker izonai 
recirculation) The recirculation air intake ol the A34C was ’'coatee :n the underfloor area Here, the recirculated 
air is a mixture of the outgoing air of ail cabin classes 
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Ftg 2' sensor installation hatrack A31C/A340 


Results of particle counting 

The data were taken separat^y^accorcmg to tre following °:gnt prases 

« 25 minutes before take off 

• 25 minutes after take off 

• cruise condition 

• 25 minutes before landing 

• 25 minutes after landing 

The mean values were analysed and compared as snown in figures 3-5 The following Statements can be 
concluded: 

Generally the particle concentration highly depends on flight phase and passengers activity, respectively 
Accordingly peak concentrations considerably surpass cabin mean values, dunng night flights they are 
substantially Iwer. For both aircraft types the mean particle concentration within the recirculation air was either 
lower or equal compared to the concentration in fresh air for all ground/ftight cases. 

The A310 ventilation system is separated in three cabin zones, each of which is equipped with a local 
recirculation filter. Recirculat'd" air of lower quality was selected for the measurements. Punfied with an EU9 
filter even the .bad’ air is less contaminated than fresh air before and after take off and before and after 
tending. During cruise the contamination of fresh and recirculation air was found to be the same. 
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Fig 3 relation of particle contamination fresh-.'recrc-eir m A31Q 
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Fig 4 relation of particle contamination fresh-Jrecirc-air in A 340 


Part II: Micro biologi 


With the HEPA filter used at the A340 aircraft with a central reorcuianon system the concentration ratio between 
fresh and recirculation air was determined to be between 250 dunng cruise and 2800 before take off The 
different ratios for ground and flight pnases are mainly due to the substantially lower particle concentration 
outside the aircraft in higher altitudes Higher ratios determined Before rake off compared to ratios measured 
after landing are caused by aircraft queues at die taxi way. 

On ground the concentration of particles in fresh air was measured to be between 10* and 10 particles per m . 
which is in the lower range of expected outside concentrations in the investigated size range of > 0 5 pm in 


In many newspaper 
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diameter, Thus, the engine compressor as wet! as tna fresn air flow source do r.c: err.t high amounts of particles 
to the bleed air system. As expected, during cruise the concentration outside the aircraft was considerably lower 
compared to the air on ground. 

In the A310 cabin the sensors were located *n the first ciass (six aoreast), economy c/ass (eight abreast) and in 
the smokers section of the economy dass, The average concentrations of the hatrack and floor sensors were 
taken for comparison with supply air As expected, the cabin air was substantially higner contaminated with 
particles than supply air (mixture between fiesh and recirculated air). The passengers are therefore the mam 
source of emissions 



b«for« tax* oft after tans off dunog cruise Defare landing after -anamg 

Fig 5. comparison of particle contamination economy class nonsmoker / economy class smoker relative 
to supply air in|S?flO 

Due to prohibition of smoking on ground the concentration m the smoking section was only slightly higher the 
slightly increase can be explained by dust contamination of the smokers clothes. During flight, when smoking is 
permitted, the ratio of the mean concentration smoker/non-smpker increases (figure 5) Peak concentrations 
duiing heavy smoking phases, e g. after meals, are significantly higher. 

Part II: Microbiological Contamination 

In many newspaper articles high microbiological contamination and spread of bacteria and other germs through 
n&dnuiiation systems are supposed to be a substantial health risk for air passengers 

Measunng Methods 

Measurements of micro bio logical contaminations were performed dunng A310 and A340 scheduled flights. 
Different to the determination of particles, a portable device {Slit impactor FH2) was used. 
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The aif flow through the device was se* at 50 L/min for two minutes T-e cut-off «aiue ci the ecu-.cmen* was 
touhd CO 0$ C 65 pm. This value j s an important factor for zompartr.g result s of different studies s^nce it 
describes, the diameter at which germs are excluded at 50% retaining caoaciy. Smarter germs are detected witf> 
a probability of less than 50%. larger ones with more than $0% prcsatiiity. A !fiw cut-off value indicates a 
reliable measurement device, The cut*off value of tre equipment used in this study i$ very low compared with 
commonly used eouiomerifs for germ investigation with reported cut-ctt vatues. between 0.65 and 3.80 pm. As 
the usual bacteria sire is known to oe between 0.3 to 3.5 the cui-cft value nas a significant influence on the 
detected concentration. 

During the present study I6’i measurements on germ content were performed The following agar plates were 
used to detect the germs: 

• Blood agar foa/ bacterial gems 

* Blood agar/COi-atmo sphere: anaerobic germs 

* Xylose-Ly$in«-OesQKycriotate (X10) agar saima nellae 

• Caseinepeptone-Soyapepione (CP5!< agar thermophilic actjncmycetes 

• ftjA agar (deficient culture medium;. environmental germs n a humid mifieu 
■ Nutnent agar robust germs in air or dust 

* $atjouravja-(4%)Glucose (SA) agar moulds (mesoohihc and thermctelerami 
The direction of airborne viruses is not feasible ‘With the portable equipment used 

Results of microtnoioarcai measurements 

7ne majonty of the detected bactena were non-pathogenic gram positive cocci. Non pathogenic aerob sore 
forming bactena were much less prevalent. Micrococca and gram negate oactena could only be detected at 
extremely low levels. Neither salmonella nor thermophilic aceunomycetes fgram positive bacteria, mainly 
pathogen or allergen! were detected ,n caorn atr. Staphy.ococcus aureus was not found, whereas 
staphylococcus epidermis was detected m some cases. Mould spores were measured at extremely tow 
concentrations,. 

Contaminations in ventilation air were very low due to the high efficiency of the recirculation filters and the 
contamination free air m high altitudes. The geometric mean value for ths supply air is found to be 76 Colony 
Forming Units (CFU) per eudiometer for the A310 ca&m and 28 CFU/m3 for the A340 cabin. The ^commended 
germ concentration in ventilation air in hospitals is < 50 CFttfm* fw operating theatres and < 150 CFU/r* J tor 
dispensation rooms and tntensive care rooms. Accordingly, the ventilation aif for the A340 cabin fulfills the 
recommended germ concentration for operating theatres which is nearly reached even by the A310 cabin 
tackled vwth less efficient filters. Apprehension about an infection nsk through ventilation systems therefore is 
not reasonable. 

The bacteria concentration was higher in the economy class than in business or first cfass. The main emrttore of 
bactena therefore are the passengers. The geometric mean values ter bacteria per flight are given m table 1 
(i rrv individual me a sure merits, not mean values): 
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Table V Detected Colony Forming Units inside and outside aircraft cacin 


th 

pomt of measurement 

Colony Forming Units [CFU/m^ 

a 

■th 

Cockpit during flight 

0- 370 

AS 

Firs! class (i.rr.) 

9G • 400 

:he 

Business Class 

75- 443 


Economy class 

38--1703 

ere 

Galley 

30- 1703 


Lavatory (i.m.) 

20- 790 


Outside Geneva airport (cold and dry air) 

140 


Outside ADidian/lvory coast (hot air, 100% humidity) 

> 10000 


The detected concentrations are either within the lower range of values or below values measured in other 
indoor spaces for which typical mean concentrations Between 500 and 3000 CFlJ/rn 3 are reported. The 
concentration at Abidjan/ Ivory coast airport was higner /grass at the agar plate, too hign for exact detection) 
than alt mean values measured in cabin. 

Reasons for bactena peak concentrations are sneezing, coughing or even movement of the passengers. A 
suitable efficient ventilation system has to insure a fast reduction of the bacteria as shown in figure 6. 

Seven measurements were performed successively Figure 6 shows that a sudden increase of the bacterial 
concentration (second value) has decreased to normal range already three minutes later (third value). This 
shows the proven efficiency of the aircraft ventilation system 
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Fig 6 typical progress of bactena concentration in cabin air after a peak concentration 
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The nam statements about the resow a! th.e micfobiolog»eai measurements sr.ar* by tits .rsMbte lor riygiera 
a.->ij Environmental MeOicne a: Medical University of Lubeck. Germany Ml are 

. Non-pathogenic cocci ana spare lormtng bacteria at maximum levets af 10' - "O' 1 Crli/m* are irrelevant to 


health considerations 


. The only actual health ns*, is the person to person contact By sneezing or coughing trie infection is 


transmitted over short distances via droplets 


. Mould spores n the measured amounts therefore are irrelevant :o health considerations. No ventilation 
system is able to prevent this kina of transmission 

Apprehension aoout an increased infection nsk in aircrafts compared ro other crowded spaces is not 


Part 111: Volatile Organic Compounds 

While particles - including oactena and other germs - are removed Py recirculation filters, the gaseous 
compounds are not filtered within the recirculation loop As some of the volatile organic compounds (.VOC) can 
cause maiodours. high concentrations influence the comfort. 

The detection of VCC was performed In parallel to the microbiological measurements Ah active measurement 
method using succor pumps and adsorber tubes was applied, 

'he proceeding in rreasunrg VOC is highly dependent on the expected compounds and their concentrations. 
To detect as many comDounds as possible and Keep them qualifiable and quantifiable. many different types of 
adsorber tubes and suction hows are necessary The following adsorber tubes, extraction solvents and 
evaluation methods were used: 

■ Activated carcorvjtiebes (NIOSh 100/50 mg) with carnondisutflde as extraction solvent Evaluation by 
gaschrcmatograp^yrmass-spectrometry iGC’MS) and gaschromatography/ atomic-emission detector 
:GC/AED> coupling Detection of highly volatile, non- to semi-polar compounds. 

. Tenax ruties (NlOSH 30/15 mg) with hexane as extraction solvent. Evaluation By GC/MS and GC/AED 
CQup-ing. Detection of highly- to serm-voiatjle. non- to semi-polar compounds 

* Silica gd tubes (NICSM 140/70 mg) with meihanol as extractors soilve.it Evaluation by GC/MS and GC/AED 
coupling Detector of highly- to semi* volatile senvpotar to polar compounds. 

* ATD-Tenax tubes (175 mg) with automatic thermal desorption (ATD}. Evaluation by GC/WS coupling. 
Detection of highly- to semi-volatile, non- to serm-pola* compounds 

* Silica get tubes coated with dimtrophenylhydraiine (300/150 mg) with acetonitrile as extraction solvent. 
Evaluation by hign-pres&ure liquid cnrcmatography/UV-detector (HPLC/UVD) coupling. Detector of 
aldehydes 

When using tubes for solvent extraction tne sampling time must oe several hours, because the concentrations 
of most VOC are m a lower ppb-range. Therefore only mean values for the concentration of VOC can be 
determined Using ATD-tenax tubes with thermal desorption {higher sensitivity technique) the sampling time can 
be reduced to less than one hour In this case it ? poss*We to evaluate the concentration progress during 
different flight phases. The air samples were analysed by Fraunhofer Institute for Environmental Chemistry and 
Ecotoxtcology in Schmattenberg, Germany [2) 
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$4 different compounds have oeen detected, most of '-hem in concentrations *co lew f nr 'uamftcaticn The 

following main compounds (amounts, threshold values and possible origins) were found, 

• £thanoJ: the compound with the highest concentration determined (149 - >1730 ppo). geometric mean value 
593 ppp; threshold value (MAK - maximum workplace concentraoon) 1 CCO 000 ppo: ongtn- alcoholic 
beverages. 

• Acetone: detected concentrations 3 to 236 ppb, geometnc mean value 24 ppp. threshold value (MAK) 
500,000 ppb; origin: smoking, methabolic product 

• Toluene: concentrations berween 2 to 135 ppb, geometnc mean value 13 pob: threshold value (MAK) 
50.000 ppb; origin; mainly fuel ingredient smoking, 

• formaldehyde: detected amount 3 to 26 ppb, geometnc mean value 7 ppb: threshold value (MAK) 500 ppb. 
indoor limit value of the BGA (German Health Agency) 100 ppb; origin: smoking, cleaning agents. No other 
aldehydes were detected 

■ Acetic acid: found in concentrations of 4 to 11 ppb. geometnc mean value 6 ppb: threshold value (MAK) 
10 000 ppb: origin; meals, Cleaning agents. 

• Nicotine: determined concentrations 0.2 to 26 ppp. geometnc mean value 2 ppb; threshold value (MAK) 70 
ppb, ongm. smoking. 

The concentrations of the detected compounds depend on the flight phase according to their ongm. as the flight 

dependent concentrations are measured only dunrig one single Oignt, the figures indicate not more Than a trend. 

Two examples are given <n figures 7 and Q' hicobne and the sum of aliphatics 



Fig.7 concentration progress of nicotine 
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Nicotine was found <n low concenirauor.s our.nq ;re ground-pr.ase. wren sr*CHing ,s premBited. The maximum 
Qpncentratton reached one third of the MAK-value and was registered m the smoker section of tne economy 
dass after a meal, when nearly all smokers are smoking common", i n the non-smoking secuon the nicotine 
concentration remains at very low levels This shows an effective separation of the cacm atmosoheres between 
smoking and non-smoking area 

ASiphaocs (n-hexane. n-octanS and higher hydrocarDons) are comrncniy dstsctsfl 3s *us! ingredients 
Consequently, they are found in substantially higher concentrations on ground tnan aunng flight. There was no 
significant difference between the smoking and non-smoking area 
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Fig.8: concentration progress of aliphatic* 

A toxicological evaluation of the results was performed by trie Institute of Hygiene ana environmental Medicine, 
University of GieOen. Germany [8] The mam statements about the determined VOC concentrations are: 


z/j/j: 


Conclusion 

Compared to Other .norms. 11 
health nsks nor a comfort 'es: 
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• Most of the substances found in cabin air are also present in indoor air e g of homes and therefore present 
no unusual exposure situation 

• Wherever the detected values could be compared to existent or proposed indoor guide values, these values 
were not exceeded 

• Wherever the MAK-values were used for companson. these values were not exceeded. This also applies m 
mosl eases when an appropriate safety factor of ICO is applied 

• A notable exception is nicotine in the air of the smokers caoin, wnere concentrations approaching MAK- 
values were determined 
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nclusion 
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